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ENERGY - MINERALS - ENVIRONMENT
HOW NOW BROWN COW?
Bobby G. Wixson
University of Missouri-Rolla
Rolla, Missouri 65401

Abstract
Energy, technical, social, political, economic, and environmental
problems are all people related problems which will continue to in
crease along with the world's population. With the growing demands
for more energy and minerals along with the constraints of protect
ing the environment, new approaches must be considered to these
complex problems.
Energy sources, modifications, alternatives, and new developments
must be considered for the present as short term resources (next 2530 years) and in the future as long range research necessary to
develop and implement new technology (25 years on). Major energy
sources and their environmental considerations are generally
classified as:
I.
II.
III.
IV.

FOSSIL FUELS - petroleum, natural gas and coal.
SOLAR - temperature and climatic effects.
NUCLEAR - fission and breeder reactors.
ALTERNATIVE METHODS - wind, tide and waves, hydroelectric
and geothermal techniques.

In the immediate future increased amounts of fossil fuels will be
utilized for electrical generation and the concentrating and refin
ing of metal resources. This approach to energy and related envi
ronmental problems must emphasize a "steady state" system. To meet
these objectives recommendations are presented for: a decreased
personal energy demand, better energy management, practical
evaluations of the cost/benefit ratio required for energy to produce
fuels and minerals, and new considerations of environmental impacts
by the total system analyses of energy consumed and yielded.
INTRODUCTION
People, their numbers, concentrations, geo

sometime between 1985 and the year 2000.

graphic location and desire for an improved

Energy, technical, social, political,

standard of life create most of the pro

economic, environmental and other major

blems associated with the necessity for

problems are all people related problems

increased amounts of food, mineral resourc

which will continue to increase along with

es and energy.

the population.

At the present time more

With the growing demand

than 75 million people are added to the

for more energy and minerals coupled with

human race every year.

the constraints of protecting the environ

In 1976 over 4

billion people were living on the planet

ment, one often remembers the childhood

Earth with demographers predicting that the
world's population would double again

quote "How Now Brown Cow?" when faced with
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solving these complex interwoven problems.

ENERGY SOURCES
Energy problems are an ever present part of

potential environmental problems associat

our existing and future life style and new

ed with oil.

modifications, alternatives and develop
ments must now be faced.

Presently the United States is faced with

Clark (1) has

the problem of petroleum and natural gas

stated the problem rather simply as "It
takes energy to get energy".

shortages within its sphere of influence

He has stress

ed that net energy is significant rather

exist at the present.

than gross energy calculations so often
cited.

even though a world shortage does not
This problem is

illustrated by Figure 1 which indicates

Net energy is defined as what is

how the world's countries would appear in

left after processing concentrating and

size based on their percentage of total

transporting energy to the consumers is

oil production.

subtracted from the gross energy of re

According to Meyerhoff (2)

some 491 giant oil fields produce 791 of

sources in the ground.

the known world oil and gas reserves with

Our present energy situation may be viewed

over 60$ of these fields to be found in the

in two phases as;

Middle East arid USSR area.

The U.S. and

Canada have discovered and developed their

(1)

Utilization of our short term
resources (next 25-30 years).

large oil fields and must now face the geo

(2)

Development of long range research

political question of continuing a petrole

and technology for transition and

um based industrial economy.

implementation by the year 2000.

vent this problem and the projected 30

To circum

years world oil reserves, the U.S. must

The Third Annual University of Missouri-

consider other "home grown" energy sources.

Rolla, Missouri Energy Council (UMR-MEC)
conference seeks to answer many of these

B.

questions stressing the need for positive

coal resources.

leadership and new approaches to cope with

resources on the same world comparison made

the energy crisis.

Coal.

for oil.

Energy sources have

The U.S. is fortunately rich in
Figure 2 illustrates these

One study for the National Acade

various types of environmental impacts and

my of Sciences (3) has projected that 1

it is important to understand the benefi

billion tons of coal will be used in 1985

cial and detrimental effects associated

(68$ above the 1972 level).

with each.

the U.S. consumed 65$ of the coal produced

Presently energy sources are

During 1973,

generally classified into the following

for electrical power generation which has

categories:

been described as a high-quality type of

I.

FOSSIL FUELS

A.

Petroleum and Natural Gas.

energy.
The econom

In this process 4 calories of coal

must be processed to yield 1 calorie of
electrical power.

ics of low cost, rich oil resources has
made the world dependent upon this form of

Many environmental problems are associated

energy and other useful by-products.

with the development of coal resources.

Environmental impacts associated with this

The properties and thermal values of coal

resource has been extensively studied and

varies considerably.

control methods developed for drilling,

associated with mining, water pollution,

Numerous factors are

trace elements, workers health and safety,
However, accidents and transportation spills and will need increased attention, research
and control. This projected increase in
have focused public attention on the many

production, transportation and refining.
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coal production will also require a strong

II .

SOLAR ENERGY

working cooperation between the coal in
While the calories of solar energy reach

dustries and regulatory agencies to allow

ing the earth are large, the concentration

the maximal resource development with
minimal

environmental impact.

of energy itself is small.

A similar

cooperative effort between the lead indust

A great deal

of research is underway to convert solar
energy directly into higher-grade energy

ries and regulatory agencies in Missouri

such as associated with the generation of

has illustrated that such an approach is
possible (4).

electricity.

A controversy presently

exists as to whether solar energy saves
II.
A.

NUCLEAR ENERGY

energy or wastes it due to the considerable

Fission Power Plant.

energy costs required for glass, plastic,

The nuclear

fission type power plants operating today

pipes, photocells, insulation and other

are concentrated mostly in the eastern

materials required for this technology.

portion of the U.S. with the remainder

Solar heaters have been used for years in

found on the west coast (5).

the sunny climates of the tropical and

The fission

reaction releases huge amounts of intense

subtropical areas of the world.

heat and through heat exchangers generates

solar heating systems now in use require an

steam to drive power plants.

auxiliary heat source using fossil fuel

Environmental

Most

concerns are thermal pollution due to

during overcast days. Since photosynthetic
coolant water or possible radioactive leaks. action of plants represent one of the best
Many consider this energy source to have a
types of biochemical machinery, the use of
restricted lifetime of 35-40 years due to

more land for agriculture would be one

the limited supply of uranium.

method of using solar energy.

B.

ful that some technological breakthrough

Breeder Reactors.

In this process the

It is hope

initial nuclear reaction produces a

during the next several years will allow

secondary nuclear reaction that creates

for a more effective and economical use of

additional radioactive fuels.

this energy source.

Present

indications are that this process has

III.

ALTERNATIVE METHODS

excellent potential for energy production
A.

if problems associated with the costs can

Wind.

The energy generated by the

winds are harnessed throughout the world

be managed along with the environmental

today.

concerns associated with the long-term

Windmills are the common method of

utilization but these are limited by size,

storage of radioactive wastes.

the cost and type of materials and speed
C.

Fusion Research.

This experimental

of wind required for operation.

Consider

process is presently being studied using

ing the energy required to manufacture the

efforts to contain the intense reaction
with laser beams, giant magnets and other

more expensive windmills and the energy

means.

generated, it appears that this type of

The goal of this research is to

energy source will have limited use for

make usable energy from the fusion react

large-scale electrical generation in the
future.

ion of the hydrogen bomb and to date all
methods tried have been very complicated

B.

and expensive.

Tide and Waves.

Electrical power has

been generated through the use of turbines
using tidal and wave action in the
732

environmental problems.

mid-latitudes of the world. Problems
associated with this source are corrosion

SUMMATION

by salt water and fouling by marine grow
ths.

A summary of existant and projected energy

This method is geographically re

stricted and the large scale use of this

sources indicate no miracle technological

source is questionable.

solutions for the immediate future.

Many

complicated technological and sociological
C. Hydroelectric. The use of dams
funneling water through turbines to

problems remain to be solved for effective
utilization of nuclear, solar and alter

generate electricity has been successful
in many parts of the world.

native sources of energy.

One question

will be required for the transition and

often raised is if the development of the
hydroelectric power is as important as the
energy that is lost to agriculture and
fisheries.

Sufficient time

implementation of new technology so for the
present, the increased use of coal and
nuclear energy remains as the major energy

Environmental problems often

option for the generation of electricity.

associated with hydroelectric installat
ions are the lack of dissolved oxygen in

New approaches to meet these energy and

the water discharged at the base of the

environmental problems must emphasize a

dams and the build-up of sediments in the

"steady state" system requiring lower

reservoir.

energy inputs.

As noted by Odum and Odum

(5) calculations of net energy required
D.

Geothermal Energy.

The process of

will be more important than the gross

tapping heat from the earth has been eco

energy calculations presently cited in

nomically feasible only in the vicinity

designing many processes.

of volcanoes or other such localized
areas.

Environmental

constraints must be developed for each

Due to this rather restricted

process based on its location, merit, waste

requirement, it is doubtful that geo

characteristic and other economic and

thermal energy will become important un

social factors.

less some new type of technology is devel
RECOMMENDATIONS

oped to tap the energy contained in the
molten core of the earth.

Based on the existant knowledge and utiliz
ation of energy and minerals, pertinent

MINERAL RESOURCES

recommendations are for:
Mineral resources require energy for each

(1)

A decrease in personal energy

(2)

Better energy management during the

stage of development from mining to the
finished product.

demands in the future.

Most of the rich near

surface minerals have now been mined and

next 25 years transition phase
while alternative energy sources

processed so that future minerals must
come from poorer - deeper deposits that

are being developed.

will require additional energy to produce,

(3)

concentrate, and transport the minerals.

A practical evaluation of the cost/
benefit ratio required for energy

The National Academy of Science study of

to produce fuels and minerals.

Minerals and the Environment (3) has

(4)

stressed that technology can provide only

An evaluation of mineral resources
in net energy type units necessary

limited solutions which will require

to develop-produce-concentratetransport and utilize minerals.

extensive lead time for implementation
along with potential crucial
733

(5)

A consideration of environmental
constraints by the total system
analyses of energy yielded and
consumed rather than as an
individual environmental impact.
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Mexico, Caribbean,
other South American Countries

3%

F igure
World

1.

distribution of oil reserves .

EXTRACTABLE RESERVES

IN EACH AREA.

Percentages

are shares of the world 's known ,

THE HAPS SHOW WHAT THE WORLD WOULD LOOK L IK E

IF THE S IZ E OF EACH COUNTRY WERE IN PROPORTION TO ITS RESERVES,

and

Soviet Union

THE MIDDLE EAST

have oil reserves that will allow them to dominate during the

NEXT 25 YEARS BEFORE THESE RESERVES ARE EXHAUSTED (EXXON CORPORATION).

COAL

2 .6 %

3%

0.5%
4.2%

F igure 2,
WORLD DISTRIBUTION OF COAL RESERVES,
EACH AREA,

PERCENTAGES ARE SHARES OF THE WORLD'S KNOWN, EXTRACTABLE RESERVES IN

THE MAPS SHOW WHAT THE WORLD WOULD LOOK LIKE IF THE SIZE OF EACH COUNTRY WERE IN PROPORTION TO

ITS RESERVES,

THE ENERGY IN U.S. COAL IS APPROXIMATELY TWICE THE AMOUNT OF ENERGY IN MIDDLE EAST OIL

(EXXON CORPORATION),
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